This paper aims to explore the potential of car-sharing in reducing car ownership and what are the impact factors. Based on the data of Hangzhou "Fun Car-sharing" system, a discrete choice model was established to study the willingness to postpone car purchase with participation in car-sharing. Compared with previous studies, this study included the variables involved in the questionnaire and those related to the usage characteristics extracted from rental data and GPS data. The questionnaire data indicate that about 50% of respondents will postpone car purchase by participating in car-sharing. The discrete choice model indicates that car-sharing in China can play a role in delaying car purchase. The results further suggest that respondents who use car-sharing more frequently, travel to work by car, or have an activity anchor in their trip are more likely to postpone car purchase. Moreover, respondents whose most common travel purpose of car-sharing is work-related or car purchase plan is definite are less likely to postpone car purchase after participating in car-sharing. The insights gained in this study can help cities and car-sharing operators to formulate relevant policies and regulation that optimally integrate car-sharing services into the overall urban transport systems.
Introduction
Recent years, car-sharing, as a relatively mature and popular trip mode which is between the private car and public transportation system, has gradually gained popularity. Compared with foreign countries, car-sharing started relatively late in China. The first large-scale car-sharing system was operated by Hangzhou EVnet Company. As a city with rapid development of Internet economy, people in Hangzhou are more willing to accept new things. As a result, many new industries are getting a head start in Hangzhou.
Most studies on car-sharing were performed in Europe and North America, and situations are likely different in China. Above all, the level of car ownership varies dramatically. In China, the majority of families did not have a car until recently. There are 36 cars per 100 households on average in China compared with 150-200 in Europe and North America. However, the ownership of private cars is growing at the rapid rate of 15%. In addition, private car purchase is a very prudent decision for a Chinese family. Due to the difference in the process of private motorization, the impact of car-sharing on car ownership may vary in different countries. Additionally, debate remains as to whether car-sharing draws riders away from public transit systems, especially during peak hours. Car-sharing members may stimulate car purchase, as they experience the convenience of driving.
However, considering that car-sharing in China has just started, which is not widely used and most cities are still in rapid development of private motorization, the private car ownership level is not high. At the same time, the willingness to support cars is a will of the future, under the policy of the private car limit, the available transit system, the travel costs, etc. So that, in the aspect of owning a car, the actual effects will take a few years to show. It is difficult to assess the direct impact of car-sharing on the ownership of private cars. Therefore, we conducted a survey to only investigate the impact of car-sharing on the willingness of car purchase in China. The case we chose is a round-trip car-sharing scheme in Hangzhou named FunCarsharing. Different from some studies, we focused on car-sharing members rather than ordinary consumers. Additionally, the research results of rental data and GPS data were considered in the process of questionnaire survey and modelling. Thus, this comprehensive study on car-sharing combines 2 Journal of Advanced Transportation three aspects of information to make the results more convincing.
Some members believe that car-sharing is a temporary or even a long-term substitute for private cars, especially as an alternative for second or third cars in a household. This is of great importance since a slowdown in private car growth provides valuable time for the development of public transport in the city, which would give travellers more travel options instead of relying on private cars. For the government, this strategy would ease pressure on the demand for private car ownership and satisfies desires for car use [1] .
The remainder of this paper is organized as follows: "Literature Review" section provides a brief review on relevant literature; "Data Preparation" section describes survey design, data collection, and proceeds statistics analysis; "Method and Analysis" section introduces the model estimation; "Results and Discussion" section elaborates the results we obtained from multiple analyses. The final section summarizes the main conclusions and provides a discussion regarding the policy implication of the results. Among others, we discuss the implications of our results for the area of carsharing.
Literature Review
2.1. Car-Sharing. The car-sharing systems were introduced in the years '70-'80 [2] . Car-sharing systems have been extensively analyzed, evaluating both their impacts in a transport system and their determinants, i.e., which factors affect the choice to become a member and to use this service to complete a trip [3] .
Studies on car-sharing members have mainly focused on the characteristics of members, including motivation and usage patterns. The people who are attracted to car-sharing projects may differ regionally. Studies in North America and Europe revealed that car-sharing members are relatively younger, are usually highly educated, and have lower car availability [4] [5] [6] . Wang et al. conducted a survey in Shanghai in 2011, when car-sharing was unfamiliar to most citizens. The result showed that younger people with fewer cars are more interested in car-sharing [7] . Another study in Beijing concluded that older people are more likely to use car-sharing for a given trip [8] .
The choice motivation is analyzed by a discrete choice model and a structural equation model. Shaheen and Cohen identified cost savings, convenient locations, and guaranteed parking as the most common motivations for car-sharing use [9] . Tobias used a qualitative means-end chain analysis approach to identify four underlying motivational patterns: value-seeking, convenience, lifestyle, and environmental [10] .
The studies on usage patterns have mostly been based on stated preference survey responses, but Hui et al. analyzed the spatial and temporal characteristics of car-sharing users in Hangzhou based on actual operational data [11, 12] . Those research results are also used in this analysis to enhance the reliability of the questionnaire. And in related works, carsharing was reported inducing members to decrease vehicle miles travelled [13, 14] and the number of trips per week [15] while increasing their attitudes to combine different transport modes such as bikes and walking [6, 16] .
Car Ownership Impacts.
The benefits of car-sharing have been reported in many previous studies. Here we focus on the impacts of car-sharing on car ownership. By providing occasional access to a personal car, car-sharing likely enables households to give up their private cars. Previous research focusing on the impact of car-sharing on car ownership mainly asked current users of car-sharing systems to report their (intentions of) ownership change after joining carsharing [13, [17] [18] [19] [20] .
Much tracking analysis on car-sharing has been carried out in North America. In San Francisco, Cervero et al. assessed the short-term, intermediate-term, and long-term impact of car-sharing on travel behavior and car ownership [13, 21, 22] . A binomial logit model was established to predict net changes in car ownership. Membership status has the largest impact on the odds of giving up car ownership, as expected. The results of a survey on the Arlington Pilot Carshare Program in 2005 indicated that car-sharing members were less likely to sell a currently owned car, but more likely to postpone a new car purchase [23] . A survey conducted among PhillyCarShare members in the Philadelphia region found that 7% of participants avoided car purchase and 25% got rid of their car as a result of their participation in the PhillyCarShare [24] . In 2004, Millard Ball et al. conducted a web-based survey of car-sharing members in the US and Canada. In total, 55.2% of the respondents agreed or strongly agreed that they were able to sell their car, the family's second car, or both [25] . Becker et al. compared two carsharing schemes in Switzerland and concluded 8% of freefloating car-sharing members and 19% of the station-based car-sharing members would buy a car if the respective carsharing scheme did not exist [26] . Car-sharing is also believed to have a considerable effect on members' behavior in Lisbon, Portugal. Six months after the launching of a car-sharing system, 21% of the members started using transport modes other than cars, and 8% no longer own a car [27] .
Millard Ball et al. reviewed several European and North American studies from 1990 to 2005 and summarized the effect of car-sharing on car ownership. In 15 European studies, the average percentage of respondents who sold a car and gave up plans to purchase a car was both 22%. In 15 North American studies, the average percentage of respondents who sold a car and gave up purchase of a car was 21% and 34%, respectively [25] .
Related studies in Asia have been performed only recently. Daejin Kim et al. conducted a survey in Seoul, Korea, implying car-sharing did not have an influential effect on car ownership behavior changes during the early stage of a car-sharing program [17] . The results of a study in Singapore showed that approximately 40% members joined a car-sharing program because public transport and carsharing together were adequate substitutes for private car ownership [1] . In China, Wang travel demand [28] . However, the surveyed people were not necessarily car-sharing members, or not even aware of carsharing. While there is a considerable body of existing empirical research on the impacts of car-sharing, much of it has been conducted in developed countries. And most of the studies are merely based on questionnaire surveys, which cannot reveal the objective usage data or the impact of car-sharing usage on car ownership.
Data Preparation
The results of this paper are based on a questionnaire survey administered to members in "FunCarsharing", a round-trip car-sharing system in Hangzhou, China. One of the first carsharing platforms in China, FunCarsharing, was launched in 2010 and included more than 2000 members and 81 stations as of 2016. Previous studies of our team have analyzed the temporal and spatial characteristics of the usage patterns [11, 12] .
The characteristics of car-sharing trips were analyzed according to the questionnaire data, rental data, and GPS data. The respondents of the questionnaire are members of FunCarsharing. The survey was conducted online from December 2016 to February 2017. In total, 648 completed questionnaires were received. The final number of effective questionnaire was 627, after deleting some invalid submissions. And 31,446 rental records with the corresponding car GPS data from December 2013 to June 2015 were searched to match the 627 members. The data sources used in this paper are shown in Figure 1 .
Rental Data.
As mentioned earlier, the research results of rental data and GPS data are used in this paper. The study on rental data was based on the no-personal privacy information car rental data of the car-sharing operation system, from September 2013 to September 2014. According to the study, all members of FunCarsharing are catalogued into two types, high-frequency users and low-frequency users. High-frequency users are those who had used the system for more than three months and whose frequency of usage was more than once a month or those who had used the system for more than nine months and whose frequency of usage was more than 0.5 a month. The high-frequency users make up only 21% of the total members but contribute 66% of valid orders [12] . Most of the low-frequency users only use FunCarsharing for a short amount of time. The data frame of rental data is shown in Table 1 .
According to the information provided by the rental data, the car-sharing use frequency of members corresponding to 627 valid questionnaires can be obtained, as shown in the Figure 2 .
GPS Data.
The GPS data ranged from December 2013 to June 2015, returned approximately every 30s, regardless of whether it is moving or not. When the position coordinates of two consecutive GPS data are identical, the car is considered to stop within the time interval. The data frame of GPS data is shown in Table 2 . And based on the unique order ID, the GPS data can be matched to obtain the travel track information of all the rental car s of each member.
Referring to relevant research, if the stop time is longer than 720s, then it is identified as an activity point, or more generally, a destination. The visiting frequency of every destination is used to depict the active anchor points of the members, which can be defined as the occurrence frequency of each destination relative to the total number of destinations of each member [11] . So that we have activity anchors, which means there are 1-3 frequently visited destinations. And Table 4 shows the sociodemographics of respondents. Nuclear families of 1-3 adults accounted for 48%. Except for a few families with only one person, there was little difference in the proportion of households with 2-4 people or more than 5 people. The clear majority of unmarried members still classify themselves as native families with their elders, according to traditional family values.
In the survey results, 67% of the respondents have at least one car in their households, which was well above that of previous studies in Europe and America. This is also different from the expected results before the survey. Those who own cars and have more than one-year driving experience account for 53.3% of the members surveyed. For those who have cars in their home, 49% drive more than 4 days per week. Thus, it can be inferred that members living in a household with cars have a stronger dependence on individual motorized travel. Members are generally well-educated, as 72% of the respondents have a college degree or above.
There is a significant correlation between car ownership and the commuting mode choice. The proportion of members commuting by car in car-owning households (49%) is much higher than that from car-free households (8%), and the proportion of members commuting by public transit in car-owning households (25%) is far lower than that from carfree households (47%). 
Usage Patterns.
Understanding the purpose of carsharing rides is a concern of enterprises as well as governments and is a key component of determining the orientation of the car-sharing market. Different car-sharing modes would be expected to serve different markets. As illustrated in Table 5 , the car-sharing service was employed for multiple purposes. Only 20% of the respondents state that the main purpose of their car-sharing rides is commuting, which is uneconomical for round-trip car-sharing since it usually takes more than 8 hours to return the car to the same station. It is the result of the preferential pricing for night usage. In this usage pattern, members often rented a car at dusk and returned it the next morning. Usually, they used car-sharing for multiple purposes and not just for commuting.
To better understand what kinds of transportation are alternatives to car-sharing, respondents were asked what they would do if car-sharing was not available. Table 6 shows the results. Only 24.7% of trips were replaced by urban transit, and 86.6% of respondents indicated that they would still drive or ride a car. This indicates that round-trip car-sharing mostly serves indispensable trips requiring a car. In other words, carsharing is unlikely to increase MVT or draw riders away from a public transit system.
Attitude and Satisfaction.
Multiple questions were designed in the questionnaire to examine the attitudes of car-sharing program members towards car ownership after they participated in the car-sharing scheme. They were asked to state their agreement on a 5-point Likert Scale. As illustrated in Table 7 , most respondents regard car-sharing as a temporarily substitute for family cars, especially as a substitute for a second car in the household. There are a small number of people who intend to use car-sharing for a long time and forgo buying another car. Based on this, we analyzed the impact of car-sharing on car ownership.
According to the survey of member satisfaction, more than half of the members are satisfied with the overall situation of car-sharing (61% of all sample members), while compared with the service quality of car-sharing, most members are not satisfied with their expenses. As for the convenience and cleanliness of the car, the satisfaction is higher. The specific satisfactions are shown in Table 8 .
Method and Analysis
To assess the impact of car-sharing on car ownership, participants were asked whether their car purchase plan changed after participating in car-sharing. Members could answer ahead of plan, no effect, postpone, give up temporarily, or give up permanently. The percentage of members choosing different options is shown in Table 9 , and the responses varied greatly. We merged them into two classes, postpone car purchase (including giving up temporarily and permanently) or no postponement (ahead of plan or no effect).
We next built a binominal logit regression to analyze factors that influence the willingness of postponing car purchase. To accommodate the binominal logit model, the response variable CAR POSTPONE was created, containing 1 if respondents state they will postpone buying a car and 0 otherwise.
The general form for the binominal logit model used in this work is shown in below:
where P is the probability of respondent n to postpone car purchase and is the coefficient of the predictor variables. In addition to variables obtained in the questionnaire, alternative variables were used, including CS FREQ from the study on rental data and ANCHOR from the study on GPS data [11, 12] . CS FREQ means the average times members use car-sharing services on a monthly basis. ANCHOR is a nominal variable, of which the value equals 1 if the respondent has an activity anchor and 0 otherwise. The following is the definition of activity anchor. We divide the members into two categories. Members of the first category have activity anchors; members of the second category do not have activity anchors. In this case, the members either did not have frequent particular destinations or used the car-sharing service too infrequently to determine an activity anchor. The significance of model parameters was tested at the 5% level of significance. SPSS was used to fit the regression. Tables 10 and 11 display the information of significant variables in the model.
As illustrated in Table 12 , we found the factors that affect car-sharing members in postponing a car purchase. Some of them are quite logical, while others were rarely mentioned in previous studies.
Above all, no social-demographic attributes were included in the model. This might be because car-sharing in the early stage attracts a particular set of consumers with 6 Journal of Advanced Transportation similar characteristics. On the other hand, it shows that the willingness to postpone car purchase is more closely related to car-sharing usage characteristics rather than the personal traits of members. Those who are more cost conscious or more satisfied with car-sharing are more inclined to postpone a car purchase, which makes sense. Car-sharing is an alternative of private car ownership, offering convenience at a relatively low cost, and these people will be more inclined to postpone car purchase. If members have better experience of car-sharing, it is more likely to become a satisfactory transportation option and may replace a private car.
In addition to the factors mentioned above, respondents with the following attributes are more likely to postpone car purchase after participating in car-sharing.
Use Car-Sharing More
Frequently. The frequency of carsharing usage was verified by objective data, which was more reliable than the questionnaire results. The model result implies that the cumulation of car-sharing experience will affect the trend of ownership to some extent. From this perspective, if car-sharing does induce some car travel, this part of car travel will be delayed by the postponement of car purchase because car travel will significantly increase after the purchase of private cars. Substantial previous research suggested that car-sharing members tend to decrease their use of cars. Estimates of the degree to which households reduce their VMT vary from 27% to 68% [13, [29] [30] [31] .
Travel to Work by Car.
Previous studies focused more on car ownership in households, but less on respondents' commuting mode choice. Some members are not the main drivers of owned cars. On the other hand, for respondents who commute by car, car-sharing is a complement to daily travel. Under this circumstance, car-sharing is a promising substitute for the second or third car in the household.
Another study also indicated that car-sharing is not a reasonable option for every traveller. Car-sharing membership is more appealing for those who travel fewer kilometres and reside in higher-density neighbourhoods with good walking, cycling, and transit options [32] . Thus some car-sharing operators are targeting second car owners rather than car-free households as the market matures beyond the early adopters [25] .
4.3.
Have an Activity Anchor in Their Trip. Activity anchor is an original idea of car-sharing research, which reflects the different usage patterns of car-sharing among different members. Respondents with travel anchors, i.e., respondents with relatively frequent destinations, are more likely to postpone car purchase, because these members usually use car-sharing to take specific trips. It can be inferred that carsharing has distinct advantages over other transportation mode for these kinds of trips. Respondents with the following attributes are less likely to postpone car purchase after participate in car-sharing.
The Most Common Travel Purpose of Car-Sharing Is Work-
Related. Work-related trips typically have relatively rigid demands, with higher requirements for time and reliability. Car-sharing is not accessible anywhere at any time and has a limited driving range. Additionally, public transit often is insufficient to meet the needs of some work-related trips, so these members are less likely to postpone car purchase. Although they are less likely to put off buying a car, according to members' self-evaluation, the frequency of car usage has declined significantly. That is to say, car-sharing is difficult to replace private cars in their minds. But in practice, they did reduce VMT because of car-sharing.
Car Purchase Plan Is Definite.
Respondents who have a specific car purchase plan (if they determined to buy or not to buy a car in the next few years) are less likely to postpone car purchase. However, those who are deciding between two choices tend to be more influenced by carsharing, resulting in an increased propensity to change their plans. Car restriction policies have been enacted in several major cities in China, including Hangzhou City. Owning cars will cost more than ever and traffic congestion in the downtown is increasingly restricted to commuting by car. These conditions favor the development of car-sharing, since many people hesitate to decide if buying a car is a smart decision.
Results and Discussion
This paper combines questionnaire survey data with rental data and GPS data to study the impact of car-sharing on the 8 Journal of Advanced Transportation willingness of car ownership of members, which improves the credibility of variables, and also reflects the influence of usage behavior on car purchase plan. From rental data, we get usage frequency of members, which can truly reflect the use of carsharing. And from GPS data, we can analyze members' usage patterns objectively. And in-depth analysis of these two parts of data has been carried out in other papers.
The results indicate that car-sharing in China can play a role in delaying the purchase of cars. And the use frequency will make a difference, which has two side effects for private car use and road pressure; especially under the background of capital intervention and enterprise marketing, how to avoid car-sharing becomes the transition of owning a car which still needs further investigation. However, in China, few researches focused on the impact of car-sharing on car ownership; the relevant conclusions obtained in this paper can fill the gap.
Our study found that 49.4% of the respondents state that they will postpone or give up buying a car because of carsharing. Although this amount is lower than that of developed countries, it is still encouraging. The slowdown in private car growth provides valuable time for the development of urban transit and the formulation of an effective management strategy of cars. Moreover, the frequency and the mode of car-sharing use have a significant impact on postponing car purchase. Members tend to change their plans of car purchase only when they form relative regular usage patterns. Thus, the government should support the development of car-sharing to some extent.
Control Outlet Density and Different Point Pickup and
Return Mode. The outlets should be added appropriately in tourist attractions and the areas where jobs are concentrated. At the same time, the density should be strictly restricted to control the use of car-sharing at a moderate level. And the appropriate development of the mode that allows members to pick up and return cars at different points is necessary to improve the degree of convenience of car-sharing.
Control Cost.
It is suggested to increase the cost of car purchase appropriately. For the usage cost of car-sharing, it is suggested to put an end to the phenomenon of low-price promotion and control it lower than the usage cost of private cars. A low-price competition between enterprises will lead to a great increase in car-sharing use, which will aggravate the urban traffic burden. In addition, the use of car-sharing can also be given a certain discount, which should be limited during rush hours.
Optimize Car-Sharing Services.
As previously mentioned, satisfaction can affect the willingness of delaying the purchase of another car. Those who are more satisfied with car-sharing are more inclined to postpone a car purchase. In addition to the cost and convenience of getting and returning cars, the accident compensation, cleanliness of car, and car type are also crucial to the overall satisfaction.
So it is suggested to provide more car types for members to choose and regularly clean the cars. In addition, in order to meet the requirements of car-sharing service for different travel purposes of members, it is suggested to provide some personalized services, such as child seats and navigation systems.
Conclusions
In this paper, we built a binominal logit model to analyze the impact of car-sharing on the willingness to postpone a car purchase, based on the GPS data, rental data, and questionnaire data of Hangzhou "Fun Car-sharing" system. The results showed that the willingness to postpone car purchasing is associated with the motivation to join carsharing, satisfaction of using car-sharing, frequency of carsharing usage, the purpose of trip, travel characteristics, and whether the car purchase plan is definite. We conclude that car-sharing has a positive impact on delaying the private car purchasing in China, especially the frequency and the mode of car-sharing use.
However, we should also be aware of some disadvantages of car-sharing. Car-sharing programs of different scales have started in big cities in China. Extreme competition among programs in the same area should be avoided, since the fee is a main concern of many members, for motivation to start or willingness to continue using. The outlet density should not be too intensive, to control the use of car-sharing at a moderate level.
For car-sharing enterprises, this data can help to improve service and the satisfaction of members. Satisfaction is closely associated with the willingness of delaying the purchase of another car. When members postpone buying cars, they are expected to use car-sharing services for longer time. In addition, we advise that more reliable and high-quality cars be launched in business districts to attract an increased number of work-related trips.
In this research, all the analysis is based on members of Hangzhou "Fun Car-sharing" system. However, under the car-sharing mode which members can only pick up and drop off the car at the same place, members' usage features may not be applicable to other car-sharing modes such as car returning at different points or drift type. Analysis results may have limitations. In addition, the quantitative analysis of car purchase plan in this paper lacks objective data tracking survey, and the research results have certain deviation.
In the future research, the data of members under different car-sharing modes should be collected for comprehensive analysis. In addition, the comprehensive influence of driving cost and maintenance cost on members' car purchase behavior should also be considered.
This research contributes to efforts to pinpoint the orientation of car-sharing and can guide the operation of carsharing enterprises and the formulation of relevant policies and regulation. The conclusion can help us to provide scientific basis for service improvement and provide a basis for policy making.
Data Availability
The data used to support the findings of this study are available from the corresponding author upon request.
